The crystal structure of 1, 3-trans-bis(4-chlorophenyl)-2,4-trans-di(4-pyridyl)cyclobutane, C26H20CI2N2, has been determined from 1765 three-dimensional intensities, collected with an automated Philips PW 1100 four-circle single-crystal diffractometer and refined to R = 0.058. Cell constants are a = 16.307 (8), b = 13.907 (2), c = 9.666 (3) A,/3 ---94.47 (5) °, z = 4; the space group is P21/n. The cyclobutane ring has a puckered conformation, and the two dihedral angles are 19.1 and 19.2 °. The structure determined shows that the dimerization process is a head-to-tail reaction.
Introduction
One of us (GG) prepared the title compound by the irradiation for 44 h of trans-4 '-chloro-4-styrylpyridine in benzene solution at room temperature with a Hanovia 1000 W high-pressure quartz lamp. It was purified by chromatography in A120 a columns (benzene eluent) and characterized by UV spectra (2ma x = 248 nm). The method applied was largely that reported by Williams, Webster & Van Allan (1961) for trans-2-styrylpyridine hydrochloride. The structure determination was undertaken to elucidate the stereochemistry of the product.
Experimental
Crystals were grown by slow evaporation from petroleum ether/benzene (1:1) solutions. Data were collected on a Philips PW 1100 four-circle singlecrystal diffractometer. Cell parameters were obtained by least-squares refinement of 32 high-order reflection angles.
In the 0--20 scan mode, with Mo Ka radiation monochromatized by graphite, 3471 independent reflections, of which 1765 had I > 23(I), were collected up to 20 = 46 °. Usual Lorentz and polarization factors were applied, but none were necessary for absorption 0567-7408/80/040894-04501.00 since the minimum and the maximum transmission factors were 0.87 and 0.93 respectively.
Scattering factors for CI, N, O and C were taken from Cromer & Mann (1968) , and those for H were taken from Stewart, Davidson & Simpson (1965) . Calculations were performed on the Cyber 76 computer using the XRAY 70 system of crystallographic programs (Stewart, Kundell & Baldwin, 1970) .
Structure determination and refinement
Data were phased by the MULTAN program of Germain, Main & Woolfson (1971) . In the E map generated from this set of phases the 36 highest peaks were retained; the two highest ones, with the same weight, were interpreted as CI atoms and all other peaks as C atoms. At this stage the R value was 44% with an overall temperature factor B = 3.2 A 2. Six peaks were withdrawn, because they were not consistent with the chemical formula. Of four peaks, two nearly coincident pairs, the two which better fitted the geometrical model were retained. Coordinates of two missing peaks, C(21) and C(22), were calculated.
After these adjustments the R factor dropped to 31%. Two cycles of diagonal least-squares refinement, with individual isotropic thermal factors and unit weights, improved the R index to 17%. The refinement was then continued by full-matrix least squares; atoms were divided into two blocks and only C1 atoms were refined anisotropically. The weighting scheme was w = 948 (3) 5655 (4) 4119 (6) C (24) 106 (3) 3176 (5) 1709 ( (2) 2298 (4) 4220 (4) -569 (7) H (2) 231 (5) 491 (7) -I01 (9) C (3) 1550 (3) 3869 (5) -147 (7) H (3) 107 (5) 437 (6) --30 (8) C (4) 1484 (3) 2955 (5) 400 (6) n (5) 212 (5) 162 (6) 88 (8) C (5) 2191 (3) 2376 (4) 505 (6) H (6) 345 (5) 235 (6) 28 (8) C (6) 2925 (3) 2719 (5) 100 (7) H (8) -148 (5) 310 (6) 257 (8) C (7) -1385 (3) 3312 (5) 434 (8) n (9) -290 (4) 297 (6) 248 (8) C (8) -1777 (4) 3106 (6) 1629 (8) H (11) -299 (5) 344 (6) -180 (8) C (9) -2619 (4) 3052 (6) 1584 (8) H (12) -162 (5) 365 (6) -158 (9) C (10) -3089 (4) 3181 (6) 359 (9) H (14) 151 (5) 353 (6) 322 (8) C (11) -2723 (4) 3402 (6) -831 (8) n (15) 205 (5) 487 (6) 456 (9) (5) 619 (6) 362 (9) C (13) 430 (4) 4047 (5) 2522 (7) H (17) -68 (5) 481 (6) 229 (9) C (14) 1211 (4) 4101 (6) 3209 (8) H (19) -48 (5) 108 (6) 148 (8) C (15) 1426 (5) 4909 (7) 3995 (9) H (20) -120 (5) -24 (6) 102 (9) C (16) 203 (5) 5601 (6) 3490 (9) H (21) -138 (5) 22 (6) --320 (8) C (17) -79 (4) 4828 (6) 2693 (8) H (22) -60 (5) 170 (6) -275 (8) C (18) -476 (3) 1612 (5) -592 (7) H (23) 74 (5) 190 (6) 127 (8) In a final difference Fourier map, all positive electron density peaks of about 0.6 e/~-3 could be interpreted as H atoms; remaining values ranged from -0.2 to 0.2 e /k -3. Only H-atom coordinates with isotropic temperature factors were then refined by one cycle of full-matrix least squares with unit weights, including 1314 reflections up to 20 = 40 °.
A final cycle of full-matrix least squares, with anisotropic thermal parameters for all atoms except H and unit weights, gave an R factor of 5.8%.
Crystal data are in Table 1 . Final positional parameters are given in Table 2 .*
Results and discussion
Bond lengths and the numbering scheme of the molecule are shown in Fig. l(a) , bond angles and deviations of atoms from their own ring planes are shown in Fig. l(b) . In Table 3 mean-plane equations with deviations of atoms not lying on them and interplane angles are summarized. Cotton & Frenz (1974) in their review of compounds containing a cyclobutane ring.
Of the four independent C-C bonds, one [ 1.536 (7) /~], is significantly shorter (5a) than the other three [1.573 (7), 1.574(7) and 1.567(7) /i,], which are rather long for a normal C-C single bond. In Cotton's review there were also examples of unequal bonds: 1.525 (5) and 1.550(5) /~, in cyclobutyl chloride (Hyunyong & Gwinn, 1966) (6) and 1.517 (6) /~ in trans-1,2-cyclobutanedicarboxylic acid (Benedetti, Corradini & Pedone, 1970) . More recently, values even larger than ours have been reported: 1.591 (7) ,/k in 2-(2,6-dimethylphenylimino)-3,3-dimethyl-4,4-diphenyl_ thietane (Bertolasi & Gilli, 1978) ; 1.614(3) A in (E)-3-benzylidene-l-tert-butyl-2-oxo-4-trans_phen_ ylcyclobutanecarbonitrile (McDonald, 1975) ; and 1.606 (6)/~ in a dimer from 1-phenyl-3,3-biphenyleneallene (Dreissig, Luger & Rewicki, 1974) .
The four C-C bonds merging from C(23), C(24), C(25) and C(26) are bent with respect to the plane through each of these atoms and the two adjacent ones Table 3 . rnlx + m2Y + maz = d, referred to a, b, e* axes, and deviations, Ad 
STRUCTURE OF A PHOTODIMER OF 4'-CHLORO-4-STYRYLPYRIDINE
C (23) C (3) C (24) C (26) H (26) H (23) 5 C (25) C (24) n (14) n (3) 6 n(2) C (25) H (15) H (19) 7 n (3) n (8) n (16) n (20) 8 n (5) (14) H (11) The contents of the unit cell are shown in Fig. 3 .
